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0LFURPDFKLQLQJ LV RQH RI WKH NH\ WHFKQRORJLHV WKDW HQVXUH UHDOL]DWLRQ RI LQGXVWULDO SURGXFWV LQ WKH ILHOG RI
VHPLFRQGXFWRUDXWRPRELOHDHURVSDFHELRPHGLFDO LQGXVWULHV HWF LQ WHUPVRI LQFUHDVHGQXPEHURI IXQFWLRQVZLWK
UHGXFHGGLPHQVLRQV,WLVZHOONQRZQWKDWSURFHVVSODQQLQJWUDQVODWHVGHVLJQLQIRUPDWLRQLQWRSURFHVVLQJVWHSVDQG
LQVWUXFWLRQV UHTXLUHG IRU WKH PDQXIDFWXUH RI D SURGXFW ,Q FRQWUDVW ZLWK FRQYHQWLRQDO PDFUR PDFKLQLQJ SURFHVV
GHFLVLRQ PDNLQJ LQ PLFURPDFKLQLQJ LV D FKDOOHQJLQJ WDVN WR DFKLHYH WKH GHVLUHG DFFXUDF\ DQG IXQFWLRQDOLW\
&RPSXWHU$LGHG 3URFHVV3ODQQLQJ&$33FRXOGEHDXVHIXOPHWKRGLQDXWRPDWLQJWKHUDQJHRIGHFLVLRQUHTXLUHGWR
SODQ WKH PDQXIDFWXUH RI D PLFUR SURGXFWV  &$33 VLPSOLILHV GHFLVLRQ PDNLQJ DQG LPSURYHV WKH SURFHVV SODQ WR
DFKLHYH PRUH HIIHFWLYH XVH RI PDQXIDFWXULQJ UHVRXUFHV DGGUHVVHG LQ -DKDQ DQG .DELU &$33 DFWV DV DQ
LQWHUIDFHEHWZHHQ&RPSXWHU $LGHG 'HVLJQ&$'DQG&RPSXWHU $LGHG 0DQXIDFWXULQJ&$0,WHQFRPSDVVHVWKH
DFWLYLWLHVVXFKDVSDUWIHDWXUHH[WUDFWLRQSURFHVVVHOHFWLRQVHTXHQFHVHOHFWLRQWRROVHOHFWLRQVHWXSVHOHFWLRQHWF
DQG ILQDOO\&RPSXWHU1XPHULFDO&RQWURO &1& FRGH JHQHUDWLRQ LQ RUGHU WR SUHSDUH WKH GHWDLOHG LQVWUXFWLRQV IRU
VKRS IORRU PDQXIDFWXULQJ0DQ\ FRPPHUFLDO &$0 VRIWZDUH LV DYDLODEOH LQ WKH PDUNHW WR SHUIRUP SDUW SURJUDP
JHQHUDWLRQ EXWLWKDV WKH FRPSDWLELOLW\LVVXHVWRVXLWIRU D SDUWLFXODUPLFURPDFKLQHWRRODQGQRWDOZD\VFRQVLVWHQWLQ
QDWXUH ,Q WKLV ZRUN DQ DWWHPSW KDV EHHQPDGH WR GHYHORS D GHFLVLRQ PDNLQJ V\VWHP WR SHUIRUP DXWRPDWLF SDUW
IHDWXUH H[WUDFWLRQ IURP D SDUW PRGHO DQG DXWRQRPRXV &1& FRGH JHQHUDWLRQ IRU PDQXIDFWXUH RI PLFUR SDUWV
FRQVLGHULQJWKHFRPSDWLELOLW\UHTXLUHPHQWV7KHSUHVHQWZRUNLVRUJDQL]HGDVIROORZV7KHVHFRQG FKDSWHU GHDOVZLWK
LQWHQVH UHYLHZ RQ IHDWXUH H[WUDFWLRQ XVLQJ YDULRXV WHFKQLTXHV DQG&1&FRGH JHQHUDWLRQZLWK WKH KHOSRI YDULRXV
DOJRULWKPV7KLUG FKDSWHU GLVFXVVHV DERXWWKHPHWKRGRORJ\RI D SURSRVHGV\VWHP DQGWKHIRXUWK FKDSWHU GHDOVZLWK
DXWRPDWLF IHDWXUH H[WUDFWLRQ DQG LQWHUDFWLYH UHFRJQLWLRQ )LIWK FKDSWHU GHVFULEHV DERXW &1& FRGH JHQHUDWLRQ IRU
PDQXIDFWXULQJVXSSRUWDSSOLFDWLRQVDQG WKHILQDOFKDSWHU GLVFXVVHV DERXWLPSOHPHQWDWLRQFDVHVWXGLHV
 5HYLHZ RQ)HDWXUH([WUDFWLRQDQG&1& &RGH *HQHUDWLRQ$SSURDFKHV
&$33V\VWHPPDNHVXVHRIFRPSXWHUV WRDXWRPDWH WKHSURFHVVRISUHSDULQJDGHWDLOHGZRUN LQVWUXFWLRQV
UHTXLUHG WR PDQXIDFWXUH D SURGXFW ,Q JHQHUDO WKHUH DUH WZR DSSURDFKHV LQ &$33 YDULDQW DQG JHQHUDWLYH RU
LQWHOOLJHQWW\SH9DULDQWDSSURDFKIROORZVWKHSULQFLSOHWKDWVLPLODUSDUWVUHTXLUHVLPLODUSODQV,WUHTXLUHVDKXPDQ
RSHUDWRUWRFODVVLI\DSDUWLQSXWSDUWLQIRUPDWLRQUHWULHYHSODQIURPWKHGDWDEDVHDQGPDNHQHFHVVDU\PRGLILFDWLRQ
LIQHFHVVDU\,QLQWHOOLJHQWDSSURDFKSURFHVVSODQVDUHJHQHUDWHGZLWKOLWWOHKXPDQLQWHUYHQWLRQ,W ZLOO JHQHUDWHQHZ
SURFHVVSODQVE\PHDQVRIGHFLVLRQORJLFDQGSURFHVVNQRZOHGJH7ZRPRUH&$33V\VWHPH[LVWHQFH WDNHVSODFH WR
LQKHULW WKH IHDWXUHV RI YDULDQW DQG JHQHUDWLYH DSSURDFKHV VHPL JHQHUDWLYH DQG H[SHUW V\VWHP W\SH ,Q K\EULG
DSSURDFKWKHH[LVWLQJSODQVFDQEHPRGLILHGVLPLODUWRYDULDQWW\SHRUQHZSODQVFDQEHJHQHUDWHGXVLQJLQWHOOLJHQW
DSSURDFK,QH[SHUWV\VWHPW\SHYDULRXV$UWLILFLDO,QWHOOLJHQFH$,WRROVDQG .QRZOHGJH%DVHG6\VWHP.%6 KDYH
EHHQ LQFRUSRUDWHGWRJHQHUDWH WKH SURFHVVSODQ,QJHQHUDODFRPSOHWH&$33V\VWHPLQFOXGHYDULRXV DFWLYLWLHV VXFK
DVSDUWIHDWXUHUHFRJQLWLRQSURFHVVVHOHFWLRQSURFHVVVHTXHQFLQJPDWHULDOVHOHFWLRQWRROVHOHFWLRQIL[WXUHVHOHFWLRQ
PDFKLQLQJ SDUDPHWHUV VHOHFWLRQ FRVWWLPH HVWLPDWLRQ SODQ SUHSDUDWLRQ HWF DQG ILQDOO\ &1& FRGH JHQHUDWLRQ
*HRPHWU\GHVFULSWLRQLQWHUPVRI IHDWXUHLV WKHEDVLF LQSXWWRDOO W\SHV RI&$33V\VWHP)HDWXUHLVGHILQHGDVWKH
UHJLRQRI LQWHUHVW LQDSDUWPRGHO ,W LVJURXSHG LQWRGHVLJQPDQXIDFWXULQJDQGDVVHPEO\ IHDWXUHV'HVLJQ IHDWXUH
LQFOXGHVH[WUXGHUHYROYHFXWKROHHWFDQGPDQXIDFWXULQJIHDWXUHLQFOXGHVH[WHUQDOVWHSDQGWDSHULQWHUQDOVWHSDQG
WDSHUKROHVORWJURRYHHWF 6ROLG PRGHORI D SDUW LVFUHDWHGLQ WHUPVRIPDQXIDFWXULQJIHDWXUHVLQYROYHGLQLW,Q
JHQHUDOWKHUHDUHWZRDSSURDFKHV JHQHUDOO\ XVHGWRREWDLQIHDWXUHVIHDWXUHUHFRJQLWLRQDQGGHVLJQE\IHDWXUHW\SH
7KH IHDWXUH UHFRJQLWLRQ DSSURDFK H[DPLQHV WKHJHRPHWU\ DQG WRSRORJ\RI D SDUW DQGGHWHUPLQHV LWV IHDWXUHV7KH
GHVLJQ E\ IHDWXUH EXLOGV D SDUW E\ XVLQJ SUHGHILQHG IHDWXUHV VXFK DV KROH VORW HWF VWRUHG LQ WKH IHDWXUH OLEUDU\
GHVFULEHGLQ;XHWDO
5HVHDUFKZRUNKDV EHHQFDUULHGRXWWRH[WUDFWPDQXIDFWXULQJIHDWXUHVIURP D SDUWPRGHO LQWKHSDVW GHFDGHV*DR
DQG6KDKSUHVHQWHGDPHWKRGRORJ\IRUHIILFLHQWUHFRJQLWLRQRILVRODWHGDQGLQWHUDFWLQJIHDWXUHV7KH JUDSK
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EDVHG UHFRJQLWLRQPHWKRGZDV FRPELQHGZLWK KLQWEDVHG IHDWXUH UHFRJQLWLRQ WR UHFRJQL]H DQG H[WUDFW LQWHUDFWLQJ
IHDWXUHV%LQJHWDO GHYHORSHGDFRGLQJVFKHPHWRUHSUHVHQWWKHSDUWGDWDLQIRUPDWLRQIRUVXEVHTXHQWSURFHVV
SODQJHQHUDWLRQ'HYLUHGG\DQG*KRVKLQFRUSRUDWHGIHDWXUHEDVHGPRGHOLQJFRQFHSWLHGHVLJQ LQWHUPV RI
KLJK OHYHO HQWLWLHV )XQFWLRQDO DQG IHDWXUH LQIRUPDWLRQ DOVR DGGHG WR WKH IHDWXUH EDVHG PRGHO .KRVKQHYLV HW DO
 GHYHORSHG DQ LQWHJUDWHG SURFHVV SODQQLQJ XVLQJ IHDWXUH UHDVRQLQJ VSDFH VHDUFK EDVHG RSWLPL]DWLRQ 7KH
IHDWXUHV DUH UHFRJQL]HG E\ REMHFW RULHQWHG IHDWXUH UHFRJQLWLRQ DSSURDFK :RR HW DO  GHYHORSHG D K\EULG
IHDWXUH UHFRJQL]HU IRU PDFKLQLQJ SURFHVV SODQQLQJ $PDLWLN DQG .LOLF  LQFRUSRUDWHG V\QWKHVLV E\ GHVLJQ
IHDWXUH DSSURDFK IRU PRGHOLQJ RI SULVPDWLF SDUWV 7KH GHVLJQHG SDUW DORQJ ZLWK IHDWXUH LQIRUPDWLRQ H[SRUWHG DV
VWDQGDUGVIRUH[FKDQJHRISURGXFWPRGHOGDWDH[WHQVLEOHPDUNXSODQJXDJH ILOHIRUSURFHVVSODQQLQJ/HHHWDO
GHYHORSHGDSURMHFWLYHUHFRJQLWLRQDOJRULWKPWRJHQHUDWH IHDWXUH LQIRUPDWLRQ WKDWFDQEHXVHGGLUHFWO\ IRUSURFHVV
SODQQLQJ 9HUPD DQG 5DMRWLD  FULWLFDOO\ UHYLHZHG YDULRXV PDFKLQLQJ IHDWXUH UHFRJQLWLRQ WHFKQLTXHV DQG
GLVFXVVHGWKHVWUHQJWKDQGZHDNQHVVRI WKH DSSURDFKHV )HDWXUHEDVHGPRGHOLQJLV WKHUHFHQWDSSURDFK WRVLPSOLI\
SDUW IHDWXUHH[WUDFWLRQ SURFHVV7KHSDUW LVGHVFULEHG LQ WHUPV RIKLJK OHYHOPDQXIDFWXULQJ IHDWXUHV VXFKDVKROHV
VORWVHWF9DPVL.ULVKQDHW DOXVHGIHDWXUHGEDVHGPRGHOLQJ GHVLJQE\IHDWXUHDSSURDFKWRH[WUDFW WKHSDUW
IHDWXUHLQIRUPDWLRQ&KXHWDOSHUIRUPHGLGHQWLILFDWLRQRIPDFKLQLQJIHDWXUHV WRPDS ZLWKDYDLODEOHFXWWLQJ
WRROUHVRXUFHV
7KH SXUSRVH RI D &$33 V\VWHP IXOILOV ZKHQ LW LV LQWHJUDWHG ZLWK WKH &$' V\VWHP WR UHFHLYH SDUW IHDWXUH
LQIRUPDWLRQDQGJHQHUDWHVWKHSURFHVVVKHHWZKLFKLQFOXGHVPRVWRIWKHSURFHVVSODQQLQJDFWLYLWLHVFRQFXUUHQWO\IRU
ORZ OHYHOPDQXIDFWXULQJ'HYHORSPHQW RI D FRPSOHWH&$33 V\VWHP IURP IHDWXUH H[WUDFWLRQ SURFHVV SODQ UHSRUW
SUHSDUDWLRQ DQG &1& FRGH JHQHUDWLRQ WR VXSSRUW PDQXIDFWXULQJ DSSOLFDWLRQ LV D FKDOOHQJLQJ WDVN 4XDQWXP RI
UHVHDUFK ZRUN KDV EHHQ FDUULHGRXW LQ WKH SDVW GHFDGHV PDLQO\ IRU WKH GHYHORSPHQW RI &$'&$33 V\VWHP IRU
FRQYHQWLRQDOSULVPDWLFDQGURWDWLRQDOSDUWV GHILQHGLQ ;XHWDO)HZOLWHUDWXUHVDGGUHVVHG DERXWSDUW SURJUDP
JHQHUDWLRQ IRU ORZ OHYHO VKRS IORRU PDQXIDFWXULQJ &KRZ DQG 6DNDO  GHYHORSHG DQ LQWHOOLJHQW SURFHVV
SODQQLQJ V\VWHP WR LQWHJUDWH FRPPHUFLDO GHVLJQ DQG PDQXIDFWXULQJ SDFNDJHV 7KH V\VWHP IHDWXUHV LQFOXGH XVHU
IULHQGO\ JHRPHWU\ FUHDWLRQ YHUVDWLOH JHRPHWU\ H[WUDFWLRQ DQG IOH[LEOH SURFHVV SODQQLQJ SURJUDPV ZKLFK
DXWRPDWLFDOO\GHWHUPLQHVWKHVHTXHQFHRI&$0PDFKLQLQJRSHUDWLRQVUHTXLUHGWRPDQXIDFWXUH D SDUW7KRPDVDQG
)LVFKHUSURSRVHGDFRQFHSWEDVHGRQZUDSSHUDQGQHXWUDOGDWDIRUPDWWRLQWHJUDWH&$'DQG&$0VRIWZDUH
IRU SURFHVV SODQQLQJ DSSOLFDWLRQV 3DWLO DQG 3DQGH  ZRUN DGGUHVVHG IHDWXUH EDVHG PRGHOLQJ DSSURDFK DQG
SURFHVV SODQ JHQHUDWLRQZLWK WKH KHOS RI GDWDEDVH9DULDQW DSSURDFK KDV EHHQ LQFRUSRUDWHG IRU WKH JHQHUDWLRQ RI
&1&FRGHLQUHODWLRQZLWKIHDWXUHSDUDPHWHUV6KLQHWDOGHVFULEHGDKLJKO\VSHFLDOL]HG&$33&$0V\VWHP
IRU DXWRPDWLF WRRO SDWK JHQHUDWLRQ WR FXW VWDPSLQJ GLH SDWWHUQ IURP WKH&$'PRGHO ZLWK WKH KHOS RI JHQHUDWLYH
SDWWHUQ PDFKLQLQJ VFKHPH +RX DQG )DGGLV  LPSOHPHQWHG DQ LQWHJUDWLRQ OD\HU WR DFKLHYH DQ LQWHJUDWHG
&$'&$33&$0EDVHGRQPDFKLQLQJIHDWXUHV7KHLQWHJUDWLRQOD\HUPDNHVSURGXFWDVZHOODV SURFHVVLQIRUPDWLRQ
DYDLODEOHLPPHGLDWHO\LQDQHOHFWURQLFIRUPIRUWKHSUHSDUDWLRQRIWRROSDWKV-DKDQDQG.DELUGHYHORSHGD
&$33V\VWHPIRUURWDWLRQDOSDUWV7KHSURSRVHGV\VWHPH[WUDFWVIHDWXUHLQIRUPDWLRQIURP WZR GLPHQVLRQDOGDWDILOH
DQGJHQHUDWHV1&FRGHVXVLQJVHYHUDO ORJLF 7KHOLWHUDWXUHUHYLHZFOHDUO\LQGLFDWHVWKDWYDULRXV UHVHDUFK ZRUN KDV
EHHQGRQHIRUWKHJHQHUDWLRQRI &1&FRGHVIRUFRQYHQWLRQDOPDFURSDUWVXVLQJYDULRXVDOJRULWKPVDQGPDWKHPDWLFDO
ORJLF+RZHYHUQRUHVHDUFKZRUNDGGUHVVHGWKHGHYHORSPHQWRIDV\VWHPIRUDXWRPDWLFSDUWIHDWXUHH[WUDFWLRQDQG
&1& FRGH JHQHUDWLRQ IRU PLFUR IHDWXUHV IDEULFDWLRQ LQ WRRO EDVHG PLFURPDFKLQLQJ SURFHVVHV ,Q WKH IXWXUH WKH
GHPDQGIRUPLFURSDUWVZLOOJURZLQQDWXUH'XHWR WKH LQFUHDVHLQGHPDQGDQGWRSHUIRUPGHFLVLRQPDNLQJIURP
GHVLJQ WRPDQXIDFWXULQJ LQ WKLVZRUNDQDWWHPSWKDVEHHQPDGH WRGHYHORSDQ LQWHJUDWHG&$'&$33 V\VWHP IRU
PLFURPDFKLQLQJ
 3URSRVHG6\VWHPIRU)HDWXUH([WUDFWLRQDQG&1& &RGH *HQHUDWLRQ
7KH DUFKLWHFWXUH RI WKH SURSRVHG V\VWHP LV VKRZQ LQ ILJXUH 7KH RYHUDOO V\VWHP FRQVLVWV RI WZRPDLQ
FRPSRQHQWV WKH ILUVW RQH GHDOV ZLWK ([WHQVLEOH0DUNXS /DQJXDJH ;0/ EDVHG IHDWXUH H[WUDFWLRQ IURP IHDWXUH
EDVHGSDUWPRGHODQGLQWHUDFWLYHIHDWXUHUHFRJQLWLRQ7KHVHFRQGRQHGHDOV ZLWKDXWRQRPRXV&1&FRGHJHQHUDWLRQ
IRU WKH JLYHQ PLFUR IHDWXUHV ,QLWLDOO\ 'LPHQVLRQDO IHDWXUH EDVHGPRGHO RI D SDUW ZLWK UHTXLUHGPLFUR IHDWXUHV
IDVKLRQHG LQ$XWRGHVN,QYHQWRUHQYLURQPHQWXVLQJGHVLJQE\ IHDWXUHDSSURDFKDORQJZLWKJHRPHWU\DQG WRSRORJ\
LQIRUPDWLRQ7KH SUHSURFHVVRU FRQYHUWV SDUWIHDWXUHVDORQJZLWKORZOHYHOLQIRUPDWLRQDQGJHQHUDWHVFRUUHVSRQGLQJ
;0/GDWD $QDOJRULWKPKDVEHHQGHYHORSHGIRUDSRVWSURFHVVRUXVLQJREMHFWRULHQWHGDSSURDFK LQ9LVXDO6WXGLR
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HQYLURQPHQWKHQFHDQ DXWRPDWLFH[WUDFWLRQRIPDQXIDFWXULQJIHDWXUHDQGPRGHOSDUDPHWHUVIURP;0/ILOHKDVEHHQ
FDUULHGRXW7KHLQWHUFRQQHFWLRQEHWZHHQ;0/ILOHDQG9LVXDO6WXGLRHQYLURQPHQWKDVEHHQFDUULHGRXWWKURXJKWKH
XVHU LQWHUIDFH 7KH H[WUDFWHG IHDWXUH DQG SURFHVV LQIRUPDWLRQ JLYHQ DV LQSXW WR 9LVXDO 6WXGLR GHFLVLRQ PDNLQJ
HQYLURQPHQW $QDOJRULWKPKDVEHHQGHYHORSHGIRUDXWRQRPRXV&1&FRGHJHQHUDWLRQIRUWKHJLYHQPLFURIHDWXUHV
E\PHDQVRIVHYHUDOPDWKHPDWLFDOORJLFV +HQFHWKH&1&FRGHJHQHUDWLRQWDNHSODFHDXWRPDWLFDOO\RQFHWKH IHDWXUH
LQIRUPDWLRQ JLYHQ DV LQSXW WR WKH GHFLVLRQPDNLQJ V\VWHP7KHPDLQ IHDWXUH RI WKH V\VWHP LQFOXGHV WKDW IHDWXUH
H[WUDFWLRQ DQG &1& FRGH JHQHUDWLRQ WDNHV SODFH LQ RQH HQYLURQPHQW DQG LW LV LQ UHTXLUHG IRUPDW WR DVVLVW
PDQXIDFWXULQJ DFWLYLWLHV 7KH GHYHORSHG &1& FRGH QHHGV WR EH WUDQVIHUUHG WR WKH PLFURPDFKLQH WRRO IRU RQOLQH
PDQXIDFWXULQJ $Q DOJRULWKP KDV EHHQ GHYHORSHG WR SHUIRUP DXWRPDWLF GDWD WUDQVIHU IURP WKH SURSRVHG V\VWHP
KHQFH WKH&1&FRGH WUDQVIHUUHG WR WKHPDFKLQH WRRO LQ RQOLQH WKURXJK56 FRPPXQLFDWLRQ LQWHUIDFH %\ WKLV
ZD\ WKH GHYHORSHG V\VWHP SHUIRUPV DXWRQRPRXV GHFLVLRQ PDNLQJ LQ SDUW IHDWXUH H[WUDFWLRQ DQG &1& FRGH
JHQHUDWLRQIRUPLFUR PDQXIDFWXULQJ
)LJ3URSRVHG6\VWHPIRU)HDWXUH([WUDFWLRQDQG&1&FRGH*HQHUDWLRQ
)HDWXUH%DVHG0RGHO
'HVLJQE\)HDWXUH$SSURDFK
3RVW 3URFHVVRU
$XWRQRPRXV
&1&3DUW
3URJUDP
*HQHUDWLRQ
56&RPPXQLFDWLRQ,QWHUIDFH
0LFURPDFKLQH7RRO
3UH3URFHVVRU
;0/ILOH&UHDWLRQ
0LFURPDFKLQLQJ
3URFHVV
6HOHFWLRQ
0LFUR
'ULOOLQJ
0LFUR
7XUQLQJ
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 )HDWXUH([WUDFWLRQDQG,QWHUDFWLYH)HDWXUH5HFRJQLWLRQ
,Q RUGHU WR HQVXUH SURSHU LQWHJUDWLRQ EHWZHHQ &$' DQG &$33 V\VWHP LW LV QHFHVVDU\ WR SURYLGH D
FRPSRQHQW PRGHO WKDW FRQWDLQV PRUH LQIRUPDWLRQ WKDQ JHRPHWU\ DQG WRSRORJ\  7KH H[LVWLQJ &$' V\VWHP KDV
OLPLWDWLRQ LQ WUDQVIHUULQJKLJK OHYHO IHDWXUH LQIRUPDWLRQVXFKDV WROHUDQFHPDWHULDO VSHFLILFDWLRQHWF IRU ORZOHYHO
SURFHVVLQJ$VWDQGDUGPRGHOLVQHHGHGIRUWUXHLQWHJUDWLRQVXFKWKDWPRGHOGDWDFDQEHXVHGGLUHFWO\IRUSURFHVV
SODQQLQJZLWKRXWXVLQJDFRPSOH[IHDWXUHUHFRJQLWLRQSURFHVV;0/LVRQHVXFKVWDQGDUGLVEHLQJLPSOHPHQWHGWR
UHVROYHWKLVSUREOHP,WSURYLGHVDFRPSXWHULQWHUSUHWDEOHUHSUHVHQWDWLRQDQGH[FKDQJH RISURGXFWGDWDLQDIRUPDO
PDQQHU VXLWDEOH IRU LQWHUSUHWDWLRQ RU SURFHVVLQJ E\ FRPSXWHUV ,Q WKLV ZRUN IHDWXUH EDVHG PRGHOLQJ GHVLJQ E\
IHDWXUH DSSURDFK KDV EHHQ LQFRUSRUDWHG WR JHQHUDWH FRPSRQHQW PRGHO XVLQJ FRPPHUFLDOO\ DYDLODEOH VRIWZDUH
SDFNDJH
)LJ6DPSOH;0/ILOH&RQVLVWRI)HDWXUHDQG0RGHO3DUDPHWHUV
,QLWLDOO\VROLGPRGHORIDSDUWVKDSHGZLWKEDVHIHDWXUHWKDWDSSUR[LPDWHVWUXHVKDSHRIDSDUW,QJHQHUDO
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LW LV D EORFN IRU SULVPDWLF SDUW DQG F\OLQGHU IRU D[LV V\PPHWU\ SDUW 7KHQ E\ XVLQJ GHVLJQ E\ IHDWXUH DSSURDFK
PDQXIDFWXULQJ IHDWXUHV VXFK DV H[WHUQDO VWHS H[WHUQDO WDSHU VORW KROH HWF KDYH EHHQ FUHDWHG  $Q LPSRUWDQW
FRPSRQHQW RI HYHU\ IHDWXUH LV LWV GLPHQVLRQV DUH WKH YDULDEOHV WKDW FDQ EH FKDQJHG WR SHUIRUP GHVLJQ XSGDWH
DXWRPDWLFDOO\7KHIHDWXUHSDUDPHWHUVDQGLWVGLPHQVLRQVDUHVWRUHGGXULQJPRGHOLQJSURFHVVLWVHOI7KHKLJKOHYHO
LQIRUPDWLRQ VXFK DV WROHUDQFH SRVLWLRQDO LQIRUPDWLRQ PDWHULDO DQG VXUIDFH ILQLVK UHTXLUHPHQWV DOVR DGGHG DORQJ
ZLWK IHDWXUHSDUDPHWHUV'XULQJ WKH SUHSURFHVVRU PRGH WKHSDUW IHDWXUHVDQG LWVPRGHOSDUDPHWHUV DUHFRQYHUWHG
LQWRFRUUHVSRQGLQJ;0/GDWD7KH;0/ILOHFDQEHFXVWRPL]HGWRJURXSWKHIHDWXUHVDORQJZLWKWKHLUDWWULEXWHV7KH
LQWHJUDWLRQRIWKHSURFHVVSODQQLQJV\VWHPZLWKIHDWXUHEDVHGPRGHOKDVEHHQSHUIRUPHGWKURXJKPDSSLQJRI;0/
GDWDILOH7KHOHQJWKRI;0/ILOHGHSHQGVRQWKHQXPEHURIPLFURIHDWXUHVSUHVHQWLQDSDUW$VDPSOHRI;0/ILOH
LVVKRZQLQILJXUHFRQVLVWVRIIHDWXUHDQGPRGHOSDUDPHWHUVVXFKDVVL]HOHQJWKDQGLWVSRVLWLRQDOLQIRUPDWLRQHWF
7KHV\VWHPKDVDSRVWSURFHVVRUGHVLJQHG WRFRQYHUW;0/GDWD ILOHV LQWRD VXLWDEOH IRUPDW WREHXVHGDV
LQSXW IRU SURFHVV SODQQLQJ $Q DOJRULWKP DV VKRZQ LQ ILJXUH  KDV EHHQ GHYHORSHG WR HQVXUH WKH VWUHDPOLQH
LQWHJUDWLRQ EHWZHHQ ;0/ GDWD ILOHV DQG SURFHVV SODQQLQJ V\VWHP $Q REMHFW RULHQWHG DSSURDFK LQFRUSRUDWHG WR
IDFLOLWDWHWKHH[WUDFWLRQSURFHVVIURP;0/ILOHWRSURFHVVSODQQLQJV\VWHPLQ9LVXDO6WXGLRHQYLURQPHQW,WSHUIRUPV
UDQGRP VHDUFK WKURXJK ;0/ ILOH IRU IHDWXUH DQG PRGHO SDUDPHWHUV KHQFH WKH IHDWXUH LQIRUPDWLRQ DQG PRGHO
SDUDPHWHUV ZHUH H[WUDFWHG DXWRPDWLFDOO\ 7KH GHYHORSHG V\VWHP VLPSOLILHV IHDWXUH H[WUDFWLRQ SURFHVV WKURXJK
PDSSLQJRI;0/ILOHVDQGWKHH[WUDFWHGSDUDPHWHUVZHUHJLYHQDVLQSXWWRWKHV\VWHPWRSHUIRUPGHFLVLRQPDNLQJLQ
SURFHVVSODQJHQHUDWLRQ
 $XWRQRPRXV3DUW3URJUDP*HQHUDWLRQ
,QJHQHUDOPLFURPDFKLQHWRROZLOOEHFRQWUROOHGE\ &1& SURJUDPPLQJ ,WLVJHQHUDOO\GHVFULEHGLQWHUPV
RI*HRJUDWKPLF*DQG0LVFHOODQHRXV0FRGHV*FRGHFRQWUROVWKHSRVLWLRQRIDWRROWRSHUIRUPDFWXDOZRUNDQG
0 FRGH SHUIRUPV VXSSRUWLQJ WDVN WR HQVXUH SURSHU PDFKLQLQJ &$33 V\VWHP ZLOO JHQHUDWH IXOO LQVWUXFWLRQ IRU
PDQXIDFWXULQJ DQG WKH XVHUZLOO IROORZ WKH LQVWUXFWLRQ DQG ZLOO JHQHUDWH SDUW SURJUDP IRUPDQXIDFWXULQJ 0DQ\
FRQWURO V\VWHPV VXFK DV )DQXF 6LHPHQV 0LWVXELVKL +HLGHQKDLQ HWF DUH DYDLODEOH LQ WKH PDUNHW EXW LW KDV
FRPSDWLELOLW\LVVXHVWRVXLW IRUSDUWLFXODUPDFKLQHWRRO+XPDQH[SHUWLVHLVDOZD\VQHHGHGWRJHQHUDWH&1&FRGHV
ZLWKWKHKHOS RI FRQWUROV\VWHPDQGWRPDNHFRPSDWLEOHIRUDVSHFLILFPLFURPDFKLQHWRRO,Q WKLVZRUNDQDWWHPSW
KDV EHHQ PDGH WR GHYHORS GHFLVLRQ PDNLQJ V\VWHP WR SHUIRUP DXWRQRPRXV &1& FRGH JHQHUDWLRQ IRU WKH JLYHQ
IHDWXUHVXVLQJ VHYHUDO PDWKHPDWLFDOORJLFV7KHXVHUQHHGWRHQWHUPLFURIHDWXUHSDUDPHWHUVVXFKPDMRUDQGPLQRU
GLDPHWHUVOHQJWK RIWXUQSURFHVVSDUDPHWHUVVXFKDVVSHHGIHHGDQGGHSWKRIFXW YDOXHV7KH&1&FRGHJHQHUDWLRQ
ZLOO WDNHV SODFH DXWRPDWLFDOO\ 7KH SURSRVHG V\VWHP LV GHYHORSHG IRU PLFUR H[WHUQDO VWHS WXUQLQJ DQG GULOOLQJ
SURFHVV
)LJ,OOXVWUDWLYH $[LV6\PPHWU\ 3DUWZLWK0LFUR)HDWXUHV
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 0DWKHPDWLFDO/RJLFIRU* DQG0 FRGH*HQHUDWLRQ
7KH IROORZLQJ PDWKHPDWLFDO ORJLF KDV EHHQ LQFRUSRUDWHG IRU WKH JHQHUDWLRQ RI * FRGH LQ 9LVXDO 6WXGLR
HQYLURQPHQW ,Q *FRGH UHSUHVHQWDWLRQ IRU D[LV V\PPHWU\ SDUW ; DQG < D[HV RI WKH FRRUGLQDWH V\VWHP ZDV
UHSUHVHQWHGDV=DQG;;DORQJWKHGLDPHWHUDQG=DORQJWKHOHQJWKRIDSDUW)RUWKHSURILOHILUVW]HURSRLQWZDV
GHWHUPLQHG,WLVDWULJKWHQGFHQWUHSRVLWLRQRIWKHSDUW7KHQIRUDEVROXWHSRVLWLRQLQJRWKHUSRLQWVZHUHGHWHUPLQHG
&RQYHUVLRQ IURP JOREDO WR ZRUN FRRUGLQDWH V\VWHP ZDV PDGH EDVHG E\ VHWWLQJ LQLWLDO SRVLWLRQ 3URJUDP ZDV
JHQHUDWHGEDVHGRQUDGLXVRIZRUNSDUWDFFRUGLQJWRWKHPDFKLQHWRROVSHFLILFDWLRQDQGIRULQLWLDOUDSLGSRVLWLRQLQJ
WKHFRGH*ZDVXVHG7KH* FRGHJHQHUDWHGIURPKLJKHVWYDOXHRI;IRUWKHJLYHQVWHSOHQJWK7KHWRWDOQXPEHURI
SDVVZDVGHWHUPLQHGE\WKHGHSWKRIFXWYDOXH7KH*FRGHIRUWKHH[DPSOHFRPSRQHQWVKRZQLQILJXUHKDVEHHQ
GHYHORSHGZLWKWKHIROORZLQJPDWKHPDWLFDOORJLFLQYLVXDO VWXGLRHQYLURQPHQW
0LFUR6WHS7XUQLQJ
$VFXWWLQJLVVWDUWLQJDZD\IURPWKHZRUNSLHFHFXWWLQJWRROLVSRVLWLRQHGZLWKGLDPHWHUPPLQ;D[LV
7KHIRUPXODH XVHGWR GHILQHWKHFRGHLVDVIROORZV
<<RULJLQ 5DGLXV5HSUHVHQWHGDVµ;¶DORQJWKHGLDPHWHURIWKHSDUW
;;RULJLQ ;VWDUW 5HSUHVHQWHG DVµ=¶DORQJWKHOHQJWKRIWKHSDUW
+HQFHIRUWKHH[DPSOHSDUWDIWHUUDSLGSRVLWLRQLQJWKHFRGHDVIROORZV
*;=)
)RUVSLQGOHURWDWLRQWKH0FRGH0ZDVXVHGIRUFORFNZLVHURWDWLRQDQGWKHVSHHGZDVVHWDFFRUGLQJO\
06
7KHOLQHDULQWHUSRODWLRQZDVPDGHZLWKUHVSHFWWRPDMRUDQGPLQRUGLDPHWHU;EDVHGRQGHSWKRIFXWIRUWKHJLYHQ
OHQJWK=RIZRUNSLHFHDQGIHHGRIDWRRO+HQFHWKHQH[WEORFNEHFRPHV
*;=)
$QDOORZDQFHRIPPZDVJLYHQ WRDYRLGFRQWDFWZLWK ILQLVKHGVXUIDFHZKLOH UHWXUQLQJ7KHEORFN LQVWUXFWLRQ
EHFRPHV
*;=)
*;=)
'XULQJHDFKSDVVWKHZRUNSLHFHVL]HZDV VXEWUDFWHG IURPWKHSURGXFWRI1WK SDVVDQGGHSWKRIFXWYDOXHNHHSLQJ
RWKHUSDUDPHWHUVDVFRQVWDQW
<<RULJLQ  'HSWKRI&XW1WK 3DVV7KHQH[WEORFNLIGHSWKRIFXW EHFRPHV
*;=)
6LPLODUO\WKHLQWHUSRODWLRQZDVFRQWLQXHGIRUHDFKSDVVIRUUHGXFWLRQRIVL]HWRWKHUHTXLUHGGLPHQVLRQ; PP
6DPHLQWHUSRODWLRQPHWKRGZDVLQFRUSRUDWHGIRUWKHJHQHUDWLRQRIVXFFHVVLYHH[WHUQDOVWHSIHDWXUHV
)LQDOO\LQRUGHUWRVWRSWKHVSLQGOHURWDWLRQ0FRGH0ZDVXVHG
0LFUR'ULOOLQJ
7KH DXWRQRPRXV * FRGH JHQHUDWLRQ IRU PLFUR GULOOLQJ RSHUDWLRQ IRU WKH JLYHQ SURFHVV SDUDPHWHUV KDYH EHHQ
FDUULHGRXWZLWKWKHIROORZLQJORJLF3HFNGULOOLQJZDVSHUIRUPHGRQWKHZRUNSDUW
'HSWKRIGULOOIRUHDFKSDVV 'HSWKRIKROH7KLFNQHVVRIZRUNSLHFH7KHFRUUHVSRQGLQJFRGHLV DVIROORZV
,IGHSWKLVPP
*;<=
6XFFHVVLYHGHSWKZDV IRUPHGE\GHFUHDVLQJ WKHFRQVWDQWYDOXHE\DQGIXUWKHUGHSWKZDVVKDSHGE\UHGXFLQJ WKH
FRQVWDQWYDOXHE\WRDYRLGWRROIDLOXUH
7KH DERYH PDWKHPDWLFDO ORJLF KDV EHHQ LQFRUSRUDWHG IRU DXWRQRPRXV &1& FRGH JHQHUDWLRQ IRU PLFUR
H[WHUQDO VWHS WXUQLQJ DQG PLFUR GULOOLQJ SURFHVV LQ 9LVXDO 6WXGLR DSSOLFDWLRQ GHYHORSPHQW HQYLURQPHQW 7KH
FRPSDWLELOLW\UHTXLUHPHQWDQGZRUNFRRUGLQDWHV\VWHPVHWWLQJWDNHQLQWRDFFRXQWZKLOHGHYHORSLQJ SVHXGR FRGHIRU
&1&FRGHJHQHUDWLRQKHQFHLWFDQEHXVHGGLUHFWO\IRUPDQXIDFWXULQJ
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 'HYHORSPHQWRI&RPPXQLFDWLRQ,QWHUIDFH
7KHSURSRVHGV\VWHPJHQHUDWHV&1&FRGH IRUPLFURPDQXIDFWXULQJDQGQHHGV WREH WUDQVIHUUHG WR WKH
PLFURPDFKLQH WRRO FRQFXUUHQWO\ IRU WKH FRQWURO RI PDQXIDFWXULQJ $ VHSDUDWH PRGXOH KDV EHHQ GHYHORSHG XVLQJ
&203RUWRSWLRQDYDLODEOHLQ9LVXDO6WXGLRHQYLURQPHQW7KH DUUDQJHPHQWFRQVLVWV RISHUVRQDOFRPSXWHU56
FRPPXQLFDWLRQ LQWHUIDFHDQGPLFURPDFKLQH WRRO LV VKRZQ LQ ILJXUH$QDOJRULWKPKDVEHHQGHYHORSHG LQ9LVXDO
6WXGLRHQYLURQPHQWWRSHUIRUPGDWDWUDQVIHUDXWRPDWLFDOO\,QWKLV DUUDQJHPHQWIRU SRUWVHOHFWLRQRSHQ DQGFORVH
)LJ$UUDQJHPHQWIRU2QOLQH,QWHUIDFHZLWK0LFURPDFKLQHWRRO
SDXGUDWHIUHTXHQF\UDQJHKDVEHHQPDGHWRHQVXUHSURSHURQOLQHGDWDWUDQVIHUIURPWKHGHYHORSHGV\VWHP7KH
LQWHUFRQQHFWLRQ EHWZHHQ SURSRVHG V\VWHP DQG PLFURPDFKLQH WRRO KDV EHHQ FDUULHGRXW WKURXJK 56 
FRPPXQLFDWLRQLQWHUIDFH+HQFHLWSHUIRUPVLQVWDQWGDWDWUDQVIHUDXWRPDWLFDOO\IRUORZOHYHOPDQXIDFWXULQJ
 ,PSOHPHQWDWLRQ
7KH LQWHJUDWHG GHYHORSPHQW RI WKH SURSRVHG V\VWHP FRQVLVWV RI  $XWRGHVN ,QYHQWRU IRU SDUW PRGHO
FUHDWLRQ;0/GDWDILOHIRUIHDWXUHDQGPRGHOSDUDPHWHUV9LVXDO6WXGLRDSSOLFDWLRQHQYLURQPHQWIRU&1&FRGH
JHQHUDWLRQDQG8VHULQWHUIDFH$VDFDVHVWXG\ WKH &$'PRGHORIDSDUWKDYLQJVLPSOHPLFURWXUQLQJDQGGULOOLQJ
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